Activation of GIRK channels by muscarinic receptors and group II metabotropic glutamate receptors suppresses Golgi cell activity in the cochlear nucleus of mice.
Granule cells and parallel fiber circuits in the dorsal cochlear nucleus (DCN) play a role in integration of multimodal sensory with auditory inputs. The activity of granule cells is regulated through inhibitory connections made by Golgi cells. Golgi cells in turn probably receive parallel fiber inputs and regulate activity of the DCN. We have investigated the electrophysiological properties of Golgi cells using the whole cell patch-clamp method in slices made from transgenic mice that express green fluorescent protein driven by the promotor of metabotropic glutamate receptor subtype 2. Stimulation of auditory nerve fibers (ANFs) and of parallel fibers evoked glutamatergic excitatory postsynaptic currents (EPSC) through AMPA receptors. The strengths and latencies of these inputs differed, however. ANF stimulation evoked EPSCs after 4.7 +/- 0.4 ms, whereas parallel fiber stimulation evoked EPSCs after 1.4 +/- 0.2 ms that were on average 2.5 times as large. The multiple peaks and prolonged activity suggest the presence of polysynaptic connections between ANFs and Golgi cells. Agonists for group II metabotropic glutamate receptors (mGluRs) and for muscarinic receptors induced membrane hyperpolarization and suppressed the firing of Golgi cells by activating G-protein-coupled inward rectifier K(+) (GIRK) channels. These results strongly suggest that Golgi cells were regulated through the combined activities of glutamatergic and cholinergic synapses, which presumably regulated the temporal firing patterns of granule cells and through them the activity of principal cells of the DCN.